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THE BESSEMER PROCESS. 



THE PEODUCTION OF CHEAP STEKL DJ AMEEIOA.— THE COMPLE- 
TION OF THE PARENT WOliKS AT TItOY.— DESCBIPTION OP 
THE VASIOUS BE88EMSR WOlilCS IN THIS COUNTRY.— THE 
NAXUBE AND VALUE OF THE IMPKOVEMBNT. 

The clianges beheld by Bip Van WinMe when he last 
deecendect the Kattsbilla, are hardly remarkable when com- 
pared with the chemical and engmeering wonders to which 
we have awakened after twenty years of comparative lethargy. 
AH on a sudden fresh fountains of force and now veins of 
precious material seem to have burst out of the earth; 
already they have possessed every artificial motion and 
stmcture, and are embodied in the organization of every-day 
Hfe. Among the more remarkable of these changes— ocean 
telegraphy, steam transportation, and engineering construc- 
tion — the most wonderful and far reaching — the realization of 
the alchemists' dreams, is Chemical Transformation. All 
the world is the stage upon which its wonders are the glit- 
tering spectacle, and we tm-n rather to the Arabian Heights 
than to sober history for an index to the coming acts. Yet 
the powers behind the scenes are neither furies nor fairies, 
but brains and brawn. It is neither magic nor alchemy, 
but straightforward, inductive reasoning and downright, 
patient, organized, costly wort that lays open the great 
unknown and uiihzes its treasures. 

The modem revolution in metallurgy is, perhaps, less 
striking, but more wonderful than all the others. The 
wonder of ocean telegraphy ia new every morning, white the 
furnace smokes silently and unobserved. But the smoke of 
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the furnace will tell you tales of iiiiture'a secrets unlocked, 
of startling ti'ansformation, of fathomless searcb, of baffling 
experiment, of patient endeavor, of endleses obstacles, of in- 
tellects gone mad, of money burned up, of a forlorn hope 
fighting against the Powers of the Air, but fighting to ivin. 

Of all the agencies in the material progress of the times, 
iron, in its various forms and combinations, holds the first 
place. Its loss would be a calamity only surpassed by the 
loss of bread; while its cheaper, wider, and better production 
would electrify every human enterprise. ' But cheap iron is 
not to be had for the asting. Nature has surrounded it with 
every poison and subjected it to every malady. Sulphur, 
phosphorus, siUcium, and endless impurities hajig about it 
from the ore-mine to the market, and its medicines— Man- 
ganese, Chromium, Aluminium, and its various healthful 
alloys, are subtle and intractable- Too little carbon is as 
injurious as too much ; combinations helpful for one use are 
hurtful for another. 

And the production of cheap iron draws not only upon 
chemistry but on engineering for constant and vital aid. The 
production and maintenance of uniform and excessive heat, 
the quality and structure of vessels to resist it ; the multiform 
and powerful enginery to handle and fashion the incan- 
descent masses, the strength and quality of materials and 
proportions to resist the strain and wear ; the toilsome and 
hazardous searches for knowledge, the education of labor; 
the liberal risks of money, the conservation of capital — these 
are some of the clashing and difficult problems that beset 
the production of iron in the form of cheap and useful 
alloys. 

We have thus briefly referred to the grandeur and the 
difficulty of the great material problem of the age, not to 
account for failure, but to celebrate success. Among the 
many workers who have steadily advanced the art, a few 
strong men have revolutionized it ; and the names of Cort^ 
Neilson, Siemens, and foremost of all Bessemer, will be land- 
marks in its history wherever and as long as iron is used. 

We purpose to allude briefly to the composition and pro- 
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duutiou of itoo and steel, and to the iiMtiu'e, condtit-t, value, 
and history of the Bessemek Process, and to descrilw in 
some detail the Bessemer worts and manufachire in this 
coimtry, and more especially as established in thiw place by 
our distinguished citizen, the Hon. John A. Griswold, upon 
the occasion of the first production of steel rails at his 
works. 

TI-li; OIJ) FKOOESSES. 

The ore of the mines is iron combined with an excess of 
oxygen and mixed with numerous impurities. The great 
body of white hot coal in the blast furnace not only melts 
the ore, but subhmates its volatile pai'ts, liquefies others, and 
gives to others still the power to combine with the fluxes put 
in with the ore and to run away in slag. But in clearing one 
obstacle the iron thus set afloat grounds on another. The 
carbon of the coal only turns out the oxygen from the ore to 
sit down in its place ; so that the crude or pig iron of com- 
merce is a compound of iron with say five per centum of 
carbon and two or three of silicium and other metals and 
minerals, helpful or hurtful as the ease may be, which the 
blast furnace process either put in or failed to remove. 
Cast-iron is comparatively weak, fatally brittle, and utterly 
incapable of being wrought. To render it strong, ductile, 
and malleable, the carbon, silicium, and other impurities 
must be removed; bnt the poison of yesterday is the medi- 
cine of to-day, and we now put it into the bed of a rever- 
beratory furnace and doctor it with oxygen, externally 
applied in draughts of air, and taken internally in powders 
of ore and forge scale. The patient is meanwhfle kept very 
warm, about 3,000° Tahrenheit, which so relaxes the hold of 
the disease that the oxygen easily spirits it away in the form 
of gases, and the squeezers and rolls bleed it off in the form 
of slag. This is puddling, and the rejuvenated product is 
wrought-rron, which is the nearest approach to pure iron 
that we have in the engineering ai'ts. 

Wrought-iron, however, is not cast into solid homogei 
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masses of any dimensiojis like steel, it is only produced in 
small masses wliieh must be welded together ; but the high 
plastio heat necessary to squeeze the particles into contact, 
is also the temperature of spontaneous ehemieal change ; so 
that the evoi'-lurking oxygen of the air again seizes the iron 
and reconverts its surface into a land of ore, and therefore 
welds are uncertain. Wrought-iron is soft, it is not so\md 
and homogoncous, and compared with steel, it is weak. To 
produce steel, then, we again retrace our steps and put in 
carbon, of which we just now had too much. The wrought- 
iron is broken up, mised with carbon and manganese in a 
crucible, melted, and cast into ingots of steel — the highest 
refinement? — no, pure iron would be utterly unfit for the 
engineering arts ; but the highest combination of natural 
substances known in the arts — steel, an alloy of iron, and 
from a quarter to a whole per centum of carbon, according to 
the hardness required, and traces of other metals. 

Tou will thus observe that to make steel, you take a little 
iron and a httle carbon and a few condiments, apply a hot 
fire, and there you have it — steel — as simple as the cookery 
book. But oh ! the years of conflict with elements all too 
subtle and poisons all too willing, before the Httle niceties 
that make the difference between success and dead failure 
were found out at all— and the labor, the care, the sldU, the 
fuel, the machinery, the power — -not in a little laboratory 
upon which you can turn the key, but throughout acres of 
bricks and mortar, boilers and engines, rolls and hammers, 
furnaces and crucibles, aU surging with pent-up energy and 
fervent heat, day and night, yeaj: after year. So that the 
receipt for making steel would rather be, take great peree- 
verance and equal portions of the knowledge of books and 
the knowledge of practice — mix them well with no end of 
money, and then if you know how and have good luck, yon 
can make a grand success of it. 
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THE BESSEMER PROCESS. 

In the year 1855, Mr. Henry Bessemer of London, aware, 
indeed, of certain attempts at a cross-cut from pig iron to 
steel, but rather discouraged than stimulated by previous 
failure, detenniued to avoid the roundabout and costly pro- 
cesses heretofore pursued. He said crude pig iron is iron 
and much carbon — steel is iron and little carbon. I will bum 
out the excess of carbon, and with it the other impurities; 
and the carbon itself shall be the fae! to bum them out. I 
will blow air into the Hquid iron ; the oxygen of the air at 
that temperature has greater aifinity for the siKeium and the 
carbon than it has for the iron, and so will take them away, 
and leave either pure iron, or iron earburized to any cSegree 
required, in proportion to the extent of the blowing, which is 
steel — steel of every quality, from hard and white for tools, 
to soft and gray for the ten thousand purposes of machinery. 

To the hearing of practical iron workers, a man never told 
a more splendid nor a wilder dream than this. But he 
fought it out on that line. He spent a large fortune of his 
own, and the fortunes of his sanguine friends. Ho struggled 
with every variety of failure and embarrassment. He 
smarted under jeers and opposition. He saw rivals toiling 
on every hand to mend the weak places in his system, and 
call it their own. He has not, indeed, realized quite all he 
set out for, in its perfection, nor has he avoided nor ignored 
the help of other men. But although the Bessemer process 
to-day caimot turn every variety of pig iron into steel, it is 
apphcable to three-quarters of the good irons of commerce ; 
it is, with fair materials, less liable to uncertainty, and less 
dependent upon skill than the processes it avoids ; it pro- 
duces, at a slightly increased cost, a material twice as strong 
as wrought-iron, and what is of vastly greater importance, 
perfectly soUd and homogeneous— a material smgularly well 
adapted to rails, axles, shaftmg, boiler and ship plates, and 
heavy machinery. Abeady the product in various countries 
is some two hundred and fifty thousand tons per year. 
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EAELY DIFFICULTTES OVERCOME. 

Before considering the conduct of the Bessemer i 
it is necessary to bear in mind, 1st, that the grand value of 
Bessemer metal over puddled metal, is due to its being pro- 
duced in afluid state; 2d, that while cast-iron is easily lique- 
fied, at a temperature of 3,000°, wrought-iron or soft steel 
can only be kept liquid at a temperature of at least 6,000°, 
which is quite beyond the convenient and practicable capaci- 
ties of fuel and furnace material as ordinarily employed. 

Tor nearly a century, the partial decarburization of pig 
iron has been accomplished by blowing air upon {and in 
some cases into) a melted mass of it. But the liquidity of 
the mass was only maintained by contact with an intense 
coal fire. The combustion of the carbon by the air was so 
slow and so limited in extent, that the iron was rather chilled 
than heated by it. This was the " finery " process, and was 
merely preparatory to puddling ; the product was still caat- 

Some years before Bessemer began his experiments, Mr, 
WiUiam Kelly, of Kentucky, advanced the finery process by 
a great stride, but left it atiU far short of practical steel mak- 
ing. Ho blew air into the iron Just smelted from the ore, 
and lying in the hearth of a blast furnace, and partially de- 
carburized it, but not without the liquefying agency of the 
mass of fuel above. He afterwards blew streams of air into 
melted iron contained in a covered brick vessel or chamber, 
without fuel. The almost invariable chilling of the iron, 
after repeated e^eriments with various forms of apparatus, 
and extending over several years, led to the suspension 
of further trial in this direction. The subsequent success 
of the Bessemer process, however, revived the claims of Mr- 
Kelly. The precise legal status of the two inventors has 
not, fortunately for the public as weU as for the parties im- 
mediately interested, been brought to test, the various inter- 
ests having been combined. 

At this point we arc prepared for the inquiry — "What if the 
Bessemer process? If the old finery did not fulfil the theo- 
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retical specification, Kcllj'a certainly did. Here were car- 
bon and silicium in the iron, but all ready to leave it upon 
the heated appeal of oxygen; here -waa plentifiil oxygen 
spread oyer and bubbling through it, and here was the ample 
heat of 3,000°. Still the reactions were irregular, and im- 
practicable. 

Just here Mr. Bessemer introduced a radically new ele- 
ment, that made all the difference between failure and suc- 
cess. To describe his process as the introduction of oxygen 
into melted iron, is to play Hamlet without the prince. Bes- 
semer's is not strictly a chemical process. The chemical re- 
actions will look out for themselves, but they must have an 
adequate chance, and this is what Bessemer for the first time 
gave them, by mechanical means, viz. : tU meckanical force 
of num&rous Masts —not sluggish drafts, but roaring Uasis of 
air, blowing the melted iron all mto spray, so as to give the 
oxygen and the carbon hundreds of square feet of surface 
contact, so that every drop of iron should be enveloped with 
air.^ Thus, and thus only, the combustion is so perfect and 
rapid, and so diflused throughout the whole mass, that the 
two grand desiderata are attained— 1st, the decarburization 
is effected without the use of other fuel ; and 2d, the product 
iB liquid and can be cast into homogeneous masses. 

To accomplish these results, Mr. Bessemer developed the 
radically new machinery and apparatus which, with various 
extensions and modifications, is everywhere used. It con- 
sists, principally, of the converting vessel mounted on trun- 
nions, and so shaped that the liquid metal can lie quietly in it 
while the tuyeres (air admission) and the entrance or mouth 
of the vessel lie above the metal line, and so that the mouth 
becomes a chimney and the tuyeres are brought beneath tho 
metal, when the converter is turned upright. He also, after 
great trouble, developed a refractory material (chiefly siHeious 
stone), and a mode of lining the converter adequate to the 
great heat and wear. The general arrangement of casting 
pit, ladle, ladle and ingot cranes, regulator, and other plant 
,to be hereinafter described, were rapidly developed by Mr. 
Bessemer. During ten years of his first practice, he ad- 
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vanced the machinery of the new art to a much higher 
degree of perfection than has yet been attained to in the old 



But Mr. Bessemer had no sooner conquered this difficulty 
than he encountered another and equally serious one. Ex- 
cept when a few of the choicer irons were employed, entire 
decarburization left the product "red-short," or incapable of 
malleability at a red heat, and therefore utterly useless. To 
stop the blowing at such a point as should leave in sufficient 
carbon to cure the red-shortedness and constitute a mild 
steel, was on the whole impracticable, because there is no 
adequate indication of degrees in deoarburization, and the 
accuracy of blowing through a fixed time, would be impaired 
by varying heat and other circumstances. Here, then, were 
the impossibility of definite degrees of decarburization on the 
one hand, and the spoiling of (lie product by complete decar- 
burization on the other hand. 

In studying Mr, Besaemer's numerous patents and writ- 
ings, we observe that he clearly understood this difficulty, 
and approached very near to its solution. Indeed, he rather 
vaguely described, in several patents, perhaps without seeing 
the end from the beginning, substantially the remedy after- 
wards patented by Mr. Robert Mushet. 

The indications of complete decarburization by blowing 
air into melted iron, are as distinct as the time of day on a 
clock. The flame at the converter mouth suddenly decreases 
in volume, and loses — not its own brightness, but its power 
of illuminating other things. But the product is valueless. 
Mr. Bessemer vaguely conceived, and Mr. Mushet definitely 
specified the finishing touch in the great &T\,—Tecarbiiri%ation. 
A definite weight (three to seven per centum) of a pig iron, 
containing not only carbon but manganese (either TraiJdinite 
or Spiegeleisen), is melted and rrai into the decarburized 
iron. At this excessive temperature — not lees than five 
thousand degrees— the oxygen and other impurities that 
make the iron red-short, come out of it with great commo- 
tion, and enter into the carbon and manganese thus added, 
forming an intense flame and copious slag. A part of the 
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carbon combines witb the iron, thus producing steel. All 
this is the work of a moment, and the thorough reaction is 
due to the excessive temperature. The oxygen which is re- 
moved bj the carbon (or chiefly by the manganese), "was pro- 
duced by the osydation of some of the iron, by the blast of 
air. This, and the sulphur, and some other impurities, now 
removed by the manganese, were what made the product 
red-short before recarburization. The steel is now cast into 
ingots, which are malleable at a high heat. 

But Mr. Bessemcr's troubles did not end here. The prod- 
uct was still uncertain, though often uniform and excellent. 
Some subtle impurity was still Inrldng in some obscure 
corner — now appearing and now retiring. To find it, Mr. 
Bessemer put every iron and material employed, through a 
costly and thorough course of chemical analysis, and so dis- 
covered phosphorus to be the arch-enemy. And to this day, 
irons containing above two hundredtlis of one pcrcentum of 
phosphorus cannot be employed to advantage. Experiments 
to remove or neutralize it are in progress, and greater obsta- 
cles than this have been overcome, Mr. Bessemer also deter- 
mined the amounts of other materials— silicium, sulphur, etc. 
— that affected his process, and with Mr. Mushet'a assistance 
(satisfactorily acknowledged) has presented to the world, not 
merely a theory, but a perfected process and adequate mar 
chinery for carrying it out. It will thus be observed, that 
however greatly the public is indebted to Mr. Bessemer's in- 
ventive powers, it owes still more to his indomitable pluck- 



FATENTS AND WOEKS. 

The Bessemer patents in England are some twenty in num- 
ber, and embrace not only the process, but the essential ma- 
chinery, and mauy collateral subjects and defensive claims. 
In European countries the more important features have been 
secured by letters patent. Complete protection has been ob- 
tained in the United States, not only for aU the essentia! 
parts of the Bessemer plant and process, in ten separate 
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patents, biit oi the Kelly and Muslict invautions, smd of 
various improvements bj Holley and otliers, AH ihese patents 
have been combined by purchase and compromise, and are 
held by Messrs. Winslow, Griswold, and MorreU, trustees for 
the parties interested. Under them, licenses have been 
granted to the vaiious establishments to be hereinafter de- 
scribed, viz, : 

The Bessemer Steel Works, Troy, New York ; Messrs. John 
A. G-riswold & Oo. Z. S. Durfee, Manager. 

The Pennsylvania Steel Works, Harrishtu^g, Penn. ; S. M. 
Felton, Prcst. A. L. Holley, Chief Engineer. 

The Freedom Iron and Steel Works, Lewistown, Penn. ; 
John A, Wright, Prest. E. H. Lee, Superintendent. 

The Cleveland RoUing Mill Co., Cleveland, Ohio ; A. B. 
Stone, Prest. John 0. Thompson, Superintendent. 

The Wyandotte Steel Works, Wyandotte, Michigan ; E. B. 
Ward, President. 

The National Iron Armor Co., Chester, Penn, ; WilHam B. 
E«aney, President. 

The Cambria Iron Works, Johnstown, Pa. ; Chas. S. Wood, 
President. Geo. Pritz, Chief Engineer. 

The foreign Bessemer works are as foUows : In Great 
Britain, Henry Bessemer & Co., Sheffield ; John Brown & 
Co., Sheffield ; Charles Cammell & Co., Sheffield and Peni- 
stone ; Weardale Iron Co., Tow Law, Durham ; Thomson & 
Armstrong, Normanton ; J. M. Rowan, Glasgow ; Samuel 
Fox & Co., Deepcar ; Lloyds Forster & Co., Wednesbury ; 
Bolton Steel Works, Bolton le Moors ; London and North 
Western Railway Works, Crewe; Lancashire Steel Co., Gor- 
ton ; Mersey Steel and Iron Works, Liverpool ; Manchester 
Steel and Railway Plant Co., Ashbuiy ; Barrow Hfematite 
Steel Co., Barrow; Guest & Co., Dowlais ; Ebbw Vale Co., 
Ebbw Vale ; Bessemer & Sons, Greenwich. In France there 
are 5 works ; in Belgium 1 ; in Prussia 7, including the cele- 
brated establish mente of Kiupp and of the Bochum Co.; in 
Austria 10 ; in Sweden 12 ; in Russia 1 ; in India 1. The 
whole number of converters in use is from one hundred and 
thirty to one hundred and fifty, of various sizes, from one ton 
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to teu tons, and the total annual capacity of them all is not 
less than half a million of tone. 



THE TROY WORKS. 

HiSTOEY AND Oegasization. — The Bessemer patents were 
purchased in England for Messrs. Winslow &. Griswold, by 
Mr. A. L. Holley, and the Mi^het patents for other parties 
(now represented by the Trustees), by Mr. Z. 8, Durfee, at 
about the same time. Mr. Holley built the experimental 
works at Troy, stai-ted them in Tebraary, 1865, and com- 
pleted the new works, or " five-ton plant," early in 1867, Mr. 
John C. Thompson then being superintendent of manufac- 
ture. Mr. Holley then took charge of the Pennsylvania Steel 
Works, and Mr, Thompson soon after, of the Cleveland 
■works. Mr. Durfee having previously built an experimental 
works at Wyandotte {afterward run with success by Mr. R. 
W. Himt, now of the Cambria works), then took the man- 
agement of the Troy works, built the forge and introduced 
various improvements to be farther referred to. 

SmiATiON. — The location of the Troy works upon tide- 
water and the Erie and Ohamplain canals, and, therefore, 
accessible to coal and the general market by means of the 
cheapest transportation ; in the centre of a remarkable and 
varied iron supply, from the Hudson and Housatonic valleys, 
from Vermont and Lake Ohamplain, from the promising 
Adirondack region, and from the markets of the South and 
West; this general location is not more eligible than the 
immediate sites of the works controlled by Mr. Griswold. 
The Bessemer Works are situated on a level plot, some fifteen 
acres in extent, with a rock bottom for foundations, well 
above high water, and bounded on one side by one thousand 
feet of tide-water, and on the other by the same length of 
Hudson Eiver Railway. The more remarkable feature of 
such a site, is a constant water-power of one hundred horse, 
with thirty-four feet fall, supplied by an underground, four 
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ami a half feet trunk, from a line of ponds iind i 
extending for miles above, and conducted from the wheel-pit 
to the river by a covered brick race-way. 

BtriLDraGS. — The Bessemer building is of brick, one hun- 
dred and seventy-eight feet long by sixty-five feet wide, and 
twenty-two and a half feet high ui the clear. A pair of five- 
ton converters and their appurtenances occupy one hundred 
and ten feet of its lengtli. The remainder contains the ex- 
perimental two-ton converter and its apparatus, and is of 
suJHcient size for a pair of two and a half or three-ton con- 
verters, soon to be erected. The cupola building, joined to 
tiie east or railroad side of the Bessemer building, is a brick 
structure forty-four by twenty-four feet, and thirty-feet high 
in the cleai-. At one end of the Bessemer bnildiag, and form- 
ing a continuation of it, is a wooden building one hundred and 
sixty feet long by seventy-five feet wide, and twenty-two and 
a half feet high, designed for hammers and other machinery for 
working up ingots. The converting building and forge are 
roofed with slate, and mounted by a continuous lantern three 
hundred and thirty-eight feet long and twenty-one feet wide. 
At the other end of the converting building is a four-story 
brick structure sixty-five by thirty-six feet, and thirty-nine 
feet high from the ground in the clear, covered with a hipped 
slate roof and a lantern twelve and a half by forty-one feet. 
The basement contains a fifty-horse Collins turbine, em- 
ployed to drive the machinery and blowers above ; also, a 
machine for grinding stone for converter linings (a niue foot 
pan and two six-feet rolls), and a seventy-pound tilt ham- 
mer for testing ingots. The second or ground floor is a ma- 
chine shop fitted with the necessary lathes, planers, and tools 
for the maintenance of the works. The third and fourth 
floors are for the storage of tuyeres and the misceUaneous 
materials employed in the manufacture. A power hft oper- 
ates from cellar to attic. A No. 6 Hoot pressure blower 
and a five-foot Dimpfel fan and their driving machinery for 
supplying blast to the cupolas and furnaces, and a No. 2 Bo- 
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gardue mill for grinding the finer fire materials, are placed 
upon the third floor. 

The above-described buildings form a continuous struc- 
ture of eighty-nine feet maximmn width, and fotu' hundred 
and seventy-four feet length. Upon the west, or river-side 
of those buildings {a sixty feet street lying between), stands 
a wooden building sixty by sixty-five feet, and sixteen feet 
high in the clear, with a high attio for storage, and a con- 
tinuous lantern above. Here are the boilers and the blowing 
and hydraulic engines. These buildings, with the offices, 
store-bins, and railways, form a complete establishment, 
capable at present of producing forty tons of ingots per day, 
or sixty to seventy tons per day of ingots, and a considerable 
amount of forgings and finished work, when the two-ton 
experimental converter is replaced by a larger plant and the 
forgo is fully occupied. 

Maghinbky, — The blowing engine consists of two forty- 
eight inch air cylinders, four-feet stroke, lying at the two 
ends of a heavy bed-plate, forty-three feet long, five and 
three-quarter feet wide, and one and three-quarter feet high, 
and connected to a common crank upon one end of the 
steam-engine shaft. The steam cyhnder lies by the side of 
one of the air cylinders, upon a framing of its own, and is 
thirty inches in diamotor. Its piston, of four-feet stroke, is 
connected to a crank on the other end of the main shaft. 
The air cylinders, being connected to one crank, operate 
lite a single cylinder, and cause a pulsation in the blast, 
which is in other engines avoided by cranlis at right angles. 
But the large air receiver, eight feet in diameter, by eighteen 
feet high, so equalizes these pulsations that the pressure 
gauge shows less than a pound variation, and does not at all 
embarrass the indications at the converter month by which 
the decarburization is determined. The tendency to irregular 
motion, due to a single steam cyHnder, is also corrected by 
a fly-wheel of twenty-one feet diameter and twenty and a 
half tons weight. These are valuable results, as they ■will 
load to economy in construction. The steam engine was 
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constructed upon the plane of Mr. Geo. H. Eeynolds, and 
embraces some novel features, among others, a framing 
peculiarly strong in the line of strain, and a condenser and 
air-pump below the cyUnder, formed between the frames; 
the air-pump is double-acting, and is driven by an arm from 
the cross-head. The injection water comes from the reser- 
voirs before referred to. The valve motion is the long sHde, 
■with fixed independent slide cut-off. The boilers, four in 
number, are fifteen feet long by five feet in diameter, having 
forty-two four and a half inch return flues, five by five and a 
half feet grate, and three by four feet domes, and form a 
battery, inclosed in brick, with cast-iron fire-fronts of novel 
and good construction. The smoke stack is of sheet iron. 
The blowing machinery was constructed at the Delamater 
Iron WorJjs in New York. 

The pumping engine for working the cranes and hydraulic 
machinery in the Bessemer Building is a Worthington 
" Duplex," with fifteen-inch stroke, two twenty-inch steam 
cyliiiders, and two seven and a quarter inch water cylinders, 
working at throe hundred and fifty pounds pressure per 
square inch. The feed pump for the boilers is also a 
Duplex. This is probably the most trustworthy and eco- 
nomical class of hydraulic machinery known. 

The Expehimemtal Bessemee Plant has been variously 
changed, and has developed a vast amount of useful knowl- 
edge concerning irons, materials, and processes, besides pro- 
ducing some thousands of tons of marketable steel It con- 
sists of a two-ton vessel, or converter, five feet in diameter, 
rotated by hand-gearing, and supplied with melted iron by a 
No. 2 Mackenzie cupola, having a movable bottom, and thus 
being the equivalent of two cupolas. The main crane is work- 
ed either by hand or by a hydraulic cylinder attached to the 
crane chain, and lifts tlie ladle crane as well as the ingots 
and moulds. The recarburizing material is melted in cruci- 
bles instead of air furnaces. This change, developed by Mr. 
Durfee, promotes the uniformity of the product, and does not 
greatly, if at all, increase its cost. 

The "i'lVE-ToN Plant" consists, fii-stly, of two cast-iron con- 
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vertois, fourteen and a half feot high by eight feet ten inches 
diameter, standing side bj side. In their rear is the wall of tlie 
converting house, pierced with arches leading to the melting 
house, and supported bj heavy buttresses, upon which stand 
the hoods aud chimneys to conduct the flame from the con- 
verters. In their front is a circular easting pit, thirty-four 
feet in diameter and thirty inches deep (having deeper cov- 
ered pits for large ingots), with a ladle crane in the centre 
and three ingot cranes at its sides, upon the general level. 
The ladle crane, of iifteen tons capacity, is a hollow cast-iron 
post or ram, standmg in a fifteen-inch cylinder {six-feet stroke), 
and reaching to a support in the roof.. It carries a fifteen and 
a half feet jib, consisting of two wroixght-iron anns held up 
by diagonal tie rods, and forming a railway upon which the" 
carriages supporting the ladle are moved, radiaKy, by a rack 
and pinion. The ladle is removable by one of tlie ingot 
cranes (for repairs of hning after each heat), and is about 
four feet high and of the same diameter for a five-ton charge, 
or double this size when it is to receive the product of both 
converters. It is mounted on trunnions, and rotated by a 
worm attached to the carriage. It is lined with loam, dried 
in an oven standing in one corner of the building, and heated 
by being turned over a small furnace in the pit. The steel 
is let out of a hole in the bottom of the ladle, into the ingof 
moulds, by means of a fire-clay nozzle, two inches in diame- 
ter, and a fire-clay stopper, operated by a slide and lever 
fastened to the outside of the ladle. The ladle crane is rota- 
ted by hand gearing, and is moved very easily, as it rests 
upon frictionless water. 

The two side ingot cranes are constructed like the ladle crane, 
except that they have a single carriage on the horizontal jib, 
with a chain depending. The ram is of twelve inches diame- 
ter, the stroke nine feet, the length of jib twenty-two feet, 
and the capacity eight tons. These cranes swing over the 
respective converters and over one-third of the pit each, and 
over a considerable floor space, and are chiefly used for lift- 
ing ingots and moulds. The central ingot crane has an 
eighteen feet jib, a nine-inch ram, and lifts three tons. 
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All the cranes are operated from a raised platform or " pul- 
pit," by means of geared hand-wheels, opening "brass three- 
way and four-way cocks, like gas cooks, only seven inches in 
diameter, and thus admitting or eshaueting water at the 
350 lbs. pressure of the pumping engine before mentioned. 
From the same " pulpit" are operated the valves of two hy- 
draulic lifts of twelve inches diameter, fifteen, inches stroke, 
and eight tons capacity, standing under the converters for 
taking them apart, and also the two eight-inch screw valves 
for admitting air to the converters, and also the valves of the 
seventeen-inch (six-feet stroke) hydraulic cylinders for revolv- 
ing the converters on their trunnions by means of racks, and 
pinions of three feet diameter, twelve-inch face, and five and 
one-eighth inches pitch. The air and water are conveyed 
from their respective engines to the regulator under the 
" pulpit," and from the regulator to the cranes, etc., by under- 
ground pipes. A boy working the regulator handles can thus 
not only perform the work of some fifty men, but he cart do 
it with perfect precision and promptness. In fact, men enough 
could not be got into position to do the work, or stand the 
heat. The hydrauHc cylinders are arranged to be " blown 
out" in freezing weather, by admitting air instead of water. 

A railway with sidings, in the building and yard, joins the 
Hudson Biver Railway track. 

The melting-house contains a No. 6 Mackenzie cupola with 
three revolving bottoms, and is the equivalent of three 
cupolas. An eight-ton crane built like the ingot cranes, but 
having eleven and a half feet lift, raises a platform with bar- 
rows of iron and coal from the ground level (which on this 
side of the works is four and a half feet higher than the con- 
verting floor) to the level of the cupola and air-furnace 
charging floor. The melted iron is tapped out into one of 
two ladles standing on eight-ton scales. When a ladle is 
filled, it is weighed, so that the exact percentage of the recar- 
burizer may be ascertained, and then raised by the same 
crane that hfts the materials to the cupola. The ladle 
hanguig by its trunnions in a frame is then turned over by a 
worm attached to the frame and emptied into a spout that 
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conducts the molted ii'on to the month of the converter. 
The air furnaces for melting the recarburizer are placed over 
the oven, at one end of the converting building, in a line 
with the converters, and at the level of the cupola charging 
floor. The recariburizer (melted manganeaian pig iron) is 
tapped into a ladle which runs upon an overhead railway 
from the furnace to the converters. 

"A Blow." — However interesting the foregoing facts may 
be to steel makers, or however dull to general readers, a 
" blow "—the thing itself— is remarkable alike to the scientific 
and the unprofessional observer, especially at night when the 
splendor of this intense and concentrated combustion is not 
rivalled by sunshine, and when the imagination invests each 
ponderous machine with mysterious life and awful energy. 
The cavernous room is dark, the air sulphurous, the sounds 
of suppressed power melancholy and deep ; half-revealed 
monsters with piercing eyes crouch in the comers, spectral 
shapes ever flit about the walls, and lurid beams of light 
anon flash in yonr face as some remorseless beast opens its 
red-hot jaws for its iron ration. Then the melter thrusts a 
spear between the joints of its armor, and a glistening 
yellow stream spirts out for a moment, and then all is dark 
once more. Again and again he stabs it till six tons of its 
hot and smoking blood fill a great cauldron to the brim. 
Then the foreman shouts to a thirty-foot giant in the comer 
who straightway stretches out his iron arm and gently lifts 
the cauldron away up into the air and turns out the yellow 
blood in a hissing, sparkling stream wliich dives into the 
wliite-hot jaws of another monster— a monster as big as an 
elephant with a head like a frog and scaly hide. The fore- 
man shouts again, at which up rises the monster on its 
haunches, growling and snorting sparks and flame. 

What a conflict of the elements is going on in that vast 
laboratory ! A million balls of melted iron, tearing away 
from the liquid mass, surging from side to side, and plunging 
down again only to be blown out more hot and angry than 
before — column upon column of air, squeezed solid hke rods 
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of gliiss by the power of five liimdred horses, piercing and 
shattering the iron at eTery point, chasnig it «p and down, 
robbing it of its treasures only to be itself decomposed and 
hurled out into the night in rosiring blaze. 

As the combustion progresses, the surging mass within the 
converter grows hotter, throwing out splashes of liquid slag 
— and the discharge from its month changes fc'om sparks and 
streats of red and yellow gas, to thick, full, white, howling, 
dazzling flame. But such battles cannot last long. In a 
quarter of an hour the iron is stripped of every combustible 
alloy, and hangs out the wliite flag. The converter is then 
turned upon its aide, the blast shut off, and the recarburizer 
run in. Then for a moment the war of the elements rages 
again ; the mass boils and flames with higher intensity, and 
with a rapidity of chemical reaction sometimes throwing it 
violently out of the converter mouth ; tlien all is quiet, and 
the product is steel — liquid, milky steel, that pours out into 
the ladle from under its roof of slag, smooth, shining, and 
almost transparent. 

The aebangejient of all the Bessemer works in this country, 
excepting the works at Lewistawn, and the experimental 
works at Wyandotte, is substantially in accordance with the 
plans of Mr. HoUey. These plans preserve all the old feat- 
ures and proportions affecting the process, but especially as 
carried out in the second works built by him at Harrisburg, 
they considerably increase the convenience of manufacture 
and repairs, and the capacity for product. In the English 
works, as designed by Bessemer, and blindly followed there, 
the converters stand at opposite sides of the casting-pit, thus 
narrowing by half the casting-room as compared with the 
Troy works, where the available space for moulds is over 
seventy feet in length. In England, the working space 
around the pit and under the converters is sunk below the 
general level, which is inconvenient and wasteful of room. 
At Troy the converters are set at a height which not only 
provides a contiaous working space upon the general level, 
but allows another- new feature — a second floor extending 
around the converters, standing upon which, workmen get 
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at all parts of tho converter, (lut materials into it, dress tlio 
spouts for conveying melted iron, and work upon the con- 
verter-bottoms when they are ran out for repairs. 

The tuyeres, or blocks of fire-brick pierced with holes, 
throngh which the air is blown up into the iron, last but six 
to eight heats, and their renewal has hitherto caused much 
delay. In these works the converter-bottom is removed by 
means of a hydraulic lift and a carriage running out at the 
side of the converter, where it can be conveniently got at. 
The bottom may be replaced when required, by a duphcate 
bottom, previously furnished with new tuyeres, dried and 
heated. In the Enghsh works the crane capacity is inade- 
quate to rapid working. In the Troy works, the ingot cranes 
are three instead of two in number, the ladle-crane is ar- 
ranged for more motions of the ladle, aiiu uH llie cranes are 
hghtened and cheapened by means of top supports. Various 
novelties and conveniences have been added to the regulating 
apparatus, ladle-stopper, and other parts. The cupola fur- 
nace has been adapted to moltmg iron for conversion, by 
employing a ladle on a scale to weigh the metal, and has 
thus superseded the air furnace, saving cost and facilitating 
manufacture, 

Mr. Holley introduced at Troy, and perfected at Harris- 
burg, a method of easting a number of ingots at one pouring, 
thus saving scrap and wear of moulds, and producing better 
ingots of more definite weight. The moulds are set upon an 
iron bottom or flask lined with loam. The steel, let into the 
central mould, passes through runners in the flask into the 
bottoms of the surrounding moulds, and all the moulds are 
fllled together. Mr. Durfee has since perfected another ap- 
paratus for bottom casting — a substitution of removable run- 
ners of cast-iron instead of loam, between the bottoms of the 
movilds — and is obtaining excellent results. 

The perfection of the Bessemer process in England, left 
much to be learned in America. New irons, new refractory 
materials, different coals, and unaccustomed labor, had to be 
tested and adapted, and various different conditions and re- 
quirements of manufacture had to be considered. Wien the 



cibyGoOgIC 



22 

ingots were produced, there was little siiitable skill and 
machinery in this country to work them properly; and so, 
although an excellent quaHty of steel was produced at Troy, 
at the first blow in 1855, all these new labors were vigorously 
undertaken, at great expense. As a result, the quality of 
American materials is now well understood, the various re- 
quirements of machinery and treatment are well developed, 
and vaiious improTemeuts and economies in construction 
and manufaetui-e are fuUy eatabhshed. 

If we except a few of the works on the Continent, where 
irons are peculiarly adapted to Bessemerizing, it is probable 
that no better or more uniform steel is pix)duced anywhere 
in the world, than at Troy. 

THE BAIL MILL. 

The new rail mill of Messrs. John A. Griswold & Co. has 
been completed and started upon a large order for steel rails, 
during the present week. 

This establishment (the Eensselaer Iron Works) is situated 
between the Hudson river and the Hudson Eiver Eailway, 
within the city of Troy, and a mile above the steel works. 
The yard, next the river, is two hundred and fifty feet wide, 
with a wharf one thousand feet long. The railway yard is 
sixty feet wide, and of the same length. 

The new mill built by Colonel George Babcock, superin- 
tendent — -Robert P. Banfield, master mechanic — ^is a rectangu- 
lar brick structure, four hundred by one hundred feet in plan, 
and twenty-five feet high, with a continuous lantern eighteen 
feet wide by six feet high. The walls are sixteen inches 
thick, with pilasters thirteen feet apart, upon which the roof 
trusses rest. The trusses are of wood ; the covering of slate. 
The doors slide vertically in heavy iron frames built into the 
walls. Gothic windows alternate with the doors, and above 
these the walls are pierced with round mndows. 

The end of the mill nest the old rail mill, contains eight 
heating furnaces — ^two pairs at the end, and a pair at each 
side. The engine stands at one end of the train, and the 
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saws and hot bed are near the centre of the building. The 
northern portion of the mill is devoted to a steel bar train 
and an iron merchant train. 

The rail train engine, by Starbuck Brothers, Troy, is a 
particnlarly well built and smoothly working machine. It 
stands on ten feet depth of biiek masonry, resting on six 
feet of stone and concrete, which is supported by twenty 
feet of soUd piling. The engine is of the " eteairi-hamraer " 
pattern, vertical, condensing, and directly connected to the 
train. A soUd bed plate supports two side frames, upon 
which there stands a fifty-four inch cylinder, and between 
which work the cross-head (thirty-six inch stroke) and the 
beam for driving a thirty-inch air pump {eighteen-inch stroke) 
situated at the end of the bed plate. The connecting rod 
(seven and a half long) and the piston rod, and other parts 
are of Bessemer steel. The fourteen-inch shaft (twenty-four 
inch length of journals) is cranked, so as to be connected to 
trains at either end. The fly-wheel is of twenty-five feet 
diameter, with a seventeen by twenty-inch rim, and weighs 
sixty tons. The valve is Davis' piston, made double, or, in 
fact, two eight-inch valves side by side, to get ample port 
area. The packmg of these valves is solid, but may be set 
out at will ; the valve is the equivalent of a sUde, and per- 
fectly simple. The steam pressure comes only on the ends 
of the two pistons forming the valve, and the exliaust press- 
ure between them, so that there is constant equilibrium, and 
the valve is easily worked under steam by the starting bar. 
Snow's governor is attached to the cut-off. The engine may 
be changed to non-condensing, by opemng a valve in the ex- 
haust-pipe. The engine runs at seventy revolutions, for a 
twenty-one-inch train. 

The fan engine, standing near the other, and of similar 
pattern, has a fifteen by twenty-two inch cylinder, and is 
belted to a fine of shafting above, which drives two overhead 
six-feet Sturtevant blowers on either side of the mill, at eight 
hundred revolutions. An air pipe runs around over the fur- 
naces, from blower to blower, with branches down to the 
ash pits. 
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The rail train is a twenty-one inch tliree-high train of the 
Eritz pattern, standing on a brick foundation, with a heavy 
oalt cueliion between. Steel rails are bloomed from nine- 
inch ingots, and then roughed down and finished at a- reheat. 
This is done in three sets of rolls, with twenty-one to twenty- 
five passes, according to the pattern. At present, a top and 
bottom train is attached to the end of the steel rail train, but 
it will ultimately be replaced by the ordinary roughing and 
finishing rolls for iron rails ; and the old rail thjII will then be 
devoted to all top and bottom, puddle, breakuig down, and 
preparatory roUing for iron rails. 

Instead of the saw carriage running up to the saws, as 
usually practised, the saws are bung upon frames, which 
swing up to the rails aa they lie on a fixed way, and are 
driven by belts from an overhead shaft that is supported by 
stands movable on a bed-plate. The engine is fixed to the 
same bed-plate. 

The hot bed is serenty feet long, with a straightening plate 
in the middle, and a short raised table at either end. The 
rails forming the hot bed ho on rollers worldng in the tops 
of iron posts sot upon masonry, and can thus expand without 
budding. 

At each end of the hot bed there is a straightening press, 
with a bell-crank straightening lever worked by means of an 
eccentric and a geared shaft, by a steam engine attached to 
the bed-plate. Behind the hot bed are two punching ma- 
chines of similar construction, driven by separate engines, 
and each arranged to make the fish bolt holes and the spike 
slot, by means of a horizontal and a vertical pimch. The 
rails are taken out of the rnill to the wharf or to the railway, 
by means of cars running on tracks with suitable turn tables. 

The waterworks consist of a fifty-thousand gallon iron 
tank, sixteen feet in diameter, forming the top of an octagonal 
brick building twenty-four feet high, in which there is a duplex 
Worthington pump, taking water from the river, and driven 
by a sixty-hoi-se power tubular boiler in a wing of the build- 
ing. The feed-pipes to the mill boilers are of wrought-iron, 
and may be warmed in freezing weather by steam. Tlie 
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boilers may be fed either by the Worthington pump, or by 
Giffard injectors, one of wliieb is attached to each boiler, or 
by the main engine. The blow-off pipes from the boilers 
enter a large brick underground sewer, which also drains the 
boshes, the roU-pit, and the air-pump. 

The heating furnaces and the boilers over them are well 
constructed, and are famished with every appurtenance for 
convenience and safety. The flame from the furnace passes 
under and through the boiler to a chimney standing on iron 
columns outside the building. The ash pit, opening out of 
doors, under the chimney, is covered with a brick arch, shut- 
ting it off from the interior of the miU. There is an upper 
and a lower asii-pit door. The furnace plates are perforated, 
or rather they are heavy cast-iron spiders, securing the brick 
work, but leaving it well uncovered. A water door frame, 
got up at these works, is employed, and there are east-iron 
boshes by each furnace. The boilers are tliirty feet long by 
fifty-foTir inches diameter, with three thirteen-inch flues. The 
lower half of the end of the boiler, over the tliroat of the fur- 
nace, is recessed, so as to form a crown sheet for the flame 
to strike upon, and a chamber into which the flues open. A 
damper under the other end regulates the flow of flame under 
and through the boiler. Suitable air admission into the 
chamber under the boiler promotes combustion. The steam 
domes are three feet diameter by four feet liigh. A fourteon- 
inch wrought-iron steam pipe, with disc expansion joints, 
leads from the domes to the engine, and by a ten-inch branch 
to the merchant mill ftimaees at the other end of the build- 
ing. These pipes are thoroughly la^ed. Besides, the ordi- 
nary safety-valves, there are lock-up safety-valves provided 
by law ; there are also float water-gauges and gauge-cocks. 
The boiler is inclosed in a chamber composed of cast-iron 
bottom plates and brick side walls, supported by trusses 
resting on columns. The floor of the mill is well covered 
with hexagonal plates. The maximum capacity is one hun- 
dred and twenty tons of rails per day. 

The merchant end of the mill is furnished with a double 
billet sliears and a merchant bar shears, each driven by 
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separate engtncs. Tlie condensing beam engine, fortj-eiglit 
inches by SBven feet, runs at twenty-five revolutions, and 
drives on either side a geared train, five rolls long, running 
two hundred and eighty revolutions, for small iron, and a 
sixteen-inch geared train, three rolls long, running fifty revo- 
lutions, for steel. Adjacent to the iron train are two heating 
furnaces with boilers, built upon the general plan above de- 
scribed. The steel is heated by a Siemens' furnace, supplied 
with gas by two producers. The capacity of these traias is 
six and one-half tons of small iron bars and rods, and fifteen 
tons of half-inch to five-inch steel bars and shapes per day. 

The old rail miU is a brick structure, averaging three hun- 
dred and twenty by one hundred and twenty-five feet in 
plan. A condensing beam engine (the engine of the old 
steamboat " Swallow") with a sixty-inch by ten feet cylin- 
der drives four two-high geared trains of eighteen-inch rolls, 
two for balls, one for breaking down, one top and bottom, 
and one (at present) for iron rails. The mill contains four- 
teen double puddling furnaces, four top and bottom fur- 
naces, and the necessary heating fui'naces and apparatus for 
one hundred and twenty tons per day of iron rails. The ad- 
Joining macliino and smith shop is a brick building, thirty by 
one hundred and fifty feet, and a building thirty by one hun- 
dred feet is employed for storage and miscellaneous pui- 
posea. 



THE PENNSYLVANIA STEEL WOKKS. 

These were the third Bessemer works started in the United 
States, and are m present extent of plant, as well as in pro- 
posed capacity, the largest in America. They were organized 
under the presidency of S. M. Pelton, Esq., late President of 
the Philadelphia and Baltimore Railway, and under the direc- 
tion and auspices of prominent railway men and engineers, 
such as Mr. Thompson, of the Pennsylvania Railway ; Natha- 
niel Thayer, Esq., M. W. Baldwin & Co., Wra. Sellers & Co., 
Bement & Dougherty, R. P. Parrott, Esq., H. E. Worthmg- 
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tou, Esq., Morriek & Sons, Morris, Taaker & Co,, etc. They 
were built upon the plans, and started under the superintend- 
ence of Mr. A. L. Holley, now Chief Engineer. Mr. H. S. 
Nourse, late Assistant, is Superintendent, and Mr. John E. 
Pearse is Manager of the Bessemer Department and Chemist. 

The Bessemer Department was started in Jime, 1867, and 
has been in constant operation. The ingots produced were 
mostly rolled into rails, at the Cambria Iron Works, Johns- 
town, Pa., until the starting of the Pennsylvania Steel Com- 
pany's Rail Mill m May, 1868. The annnal capacity of the 
present Bessemer Plant (two five-ton converters) is about 
ten thousand tons, and of the Rail Mill, thirty thousand tons. 
Additional converters will be erected from time to time. 

The Pennsylvania Stool Works are situated in the heart of 
the iron and coal regions of the State, at Baldwin, a suburb 
of Harrisburg, which is a junction of canals and railways 
running in eight different directions. Upon a rectangular, 
high, level plat, one hundred acres in extent, lying upon the 
banks of the Susquehanna, between the Pennsylvania Rail- 
way and canal, the Company's buildings are arranged with 
reference to systematic growth. Eoom is left for the indefi- 
nite enlargement of each department with reference to ample 
yard-room and economical inter-communication by railway. 
These railways are of standard gauge, and of such curvature 
that cars from any of the Knes radiating from Harrisburg can 
enter any building or yard. With such facilities for trans- 
portation, the present considerable distances between some 
of the buildings hardly amount to an inconvenience, and the 
great inconvenience so generally arising from huddling to- 
gether the early buildings of growing works will be avoided. 
The ground is a deep, sohd gravel bank, well adapted to 
foundations, and its general level is twenty-five feet above 
low water, and three feet above the highest flood on record. 

Buildings.— The Bessemer building is probably the largest 
of the kind, being one hundred and fourteen feet long by 
one hundred feet wide, and twenty-five feet high in the 
clear, for one pair of five-ton converiiers. A lantern twenty- 
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five laet wide and six feet high extends the entire length. 
The adjoining melting building is eiglity-one by fifty-two and 
a half feet, and tliirty-nine feet high, with a hipped roof, and 
a lantern eighteen by forty-four feet ; and the attached engine 
and boiler building is one Imndred and thirty-three by fifty- 
two feet, and fifteen feet high. They are solidly built of blue 
Umestone from the adjacent quarries. The walls are eighteen 
inches thick, and twenty-four inches through the pilasters. 
The windows and doors are arched with brick. The roof trusses 
are of wood (for greater convenience of giving a top support 
to the cranes), and in the Bessemer building a sheet-iron 
sheathing or internal roof is suspended beneath them. The 
covering of all the roofs is slate. 

The rail mil! is two hundred and seventy-five feet by 
ninety-two and a half feet, with two win^, ninety-two and 
a half by forty-nine and a half feet each, and twenty-eight and 
a lialf feet high in the clear. It consists of a hipped wooden 
truss roof and a continuous lantern (twenty-six feet wide 
by fom"feet high), covered with slate and resting on wooden 
posts (ten by twelve inches, fourteen by fourteen inches, and 
four posts twenty-eight by twenty-eight inches), supported 
by stone pieiB. A pennanent siding of wood, battened and 
having a continuous line of fourteen feet, semi-circular win- 
dows all around, extends from the eaves down to within 
nine and a half feet of the ground ; but below this point the 
siding is formed of balanced doors opening upward, so that 
the building can be entirely closed in winter, while it may be 
turned into a mere shed in summer, and may be opened at 
any point for ventilation or for entrance and exit of vehicles. 

The machine shop is of wood, battened, seventy-five by sev- 
enty-five feet, and twenty and a half feet high, with a lantern 
eighteen by seventy-two feet, and sis feet high, and slate 
roof. One end is temporary, for enlargement. The line 
shafting is diiven by a ton by oighteon-ineh Hoadley porta- 
ble engine, and the shop is completely furnished with roll 
and other lathes, planers, bolt-cutters, drill presses, a fifteen- 
ton Bement crane, a Bement end-lathe, eto. 

The smith shop is fifty by fifty feet, and eighteen feet high. 
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■with a eontirmoua hmtern and slatfl roof ; and is also arj'fiiiged 
for enlargement. It has a central crane swinging over six 
double fires (without chimneys), and a Davy seven hundred 
weight steam hammer for forging test ingots and other 
work. Extensive store sheds, for fire materials, etc., are 
erected at a convenient distance from the converting works. 
Water is carried to the machine and smith shops under the 
head of the rail mUl tank. Ail the buildings are drained by 
a three-feet brick sewer running to the river. 

The Company's boarding house is a brick building seventy 
by thirty-three feet, and three stories high, with twenty-six 
sleeping rooms. The workmen's houses are built of wood, 
on streets one hundred feet wide, with a thirty-foot alley be- 
tween each pair. Each double tenement, or pair of houses, 
is twenty-eight by thirty feet, and two stories high, with two 
attached one-story kitchen buildings, and eight rooms with 
closet accommodation. The residence for the of&cere is a 
neat and commodious wooden villa, situated on an eminence 
overlooking the works and the river valley for many miles. 

Plans are in hand, and proper places are left for the 
erection of extensive tyre, plate, and merchant mills. 

The Bessemer Plant is precisely like that at Troy, as to 
sizes and positions of converters and converter hfts, cars 
and platform, ingot pit and cranes, except that the central 
ingot crane is as large as the others, viz., twenty-two feet 
jib, nine feet lift. Two ovens with top entrances are sunk 
in the floor under the side ingot cranes. The flues of these 
ovens pass under brick bins for fire materials, to prevent 
their freezing in winter. The regulator, from which the 
hydraulic machinery and the cranes are worked, is the same 
as at Troy, although differently situated. The large eon- 
verting house affords ample room for the storage of moulds, 
and the dressing of ladles and vessel bottoms, and for bins 
containing fire materials, charcoal, etc., and for a floor and 
a hand crane for moulding flasks, etc. Two ovens, eighteen 
feet long each, with end entrances and railways running out 
under the side ingot cranes, open into the converting room 
from the lower story of the cupola building. From a tum- 
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table under the eeiita-al ingot ei-ane, railways run in live 
directions out of tho building, and under the other two ingot 
cranes. The railway to the rail mill passes over a ten-ton 
scale, and a two-ton platform scale is placed under one of 
the cranes, so that ingots can be weighed, assorted, and dis- 
tributed with the greatest convenience and despatch. Upon 
the roof-trusses there is a hydraulic cylinder, operated from 
the regulator, which raises a one-ton drop (twenty-five feet 
fall) outside the building. The chain that raises the drop 
also unloads from cars the sculls, etc., to be broken up, and 
places them in position under the drop. The hydraulic 
machinery was built by H. K, Worthington, in New York. 

At the front of the cupola building (opposite the convert- 
ing building) there is a double two-ton vertical lift, operated 
by a line of shafting overhead, with openings to the stock- 
shed and yard. Coal wagons for a charge each, and iron 
wagons for a ton of pig each, are run upon the stock-house 
scale, loaded, run upon the lift, and hoisted to the ample 
cupola-charging iloor, seventeen by twenty-five feet, and 
twenty-nine and a half feet high, or to the air-fumaeo floor, 
eleven and a half foet high. Two gangways, ten and a half 
feet wide, run through the cupola building from the front to 
the converting-room. Between these gangways are the lift, 
a mixing floor for vessel linings, tho pit into which the 
cupolas are dumped, and an ample space behind the con- 
verters. At the sidesof these gangways are racks for tuyeres, 
weighmaster's office, bins for fire materials (which arc ground 
on the floor above), a cinder mill convenient to the cupola 
dumping pit, a fifty-horse oscillating engine to drive the line 
shafting in the top of the building, and the ovens opening to 
the converting-room. The next floor is eleven and a half 
feet high, formed of iron beams, arched between with brick 
and reached by the lifts and by two stairways. Centrally 
upon this floor stand three No. 6 Mackenzie cupolas in line 
(with space left for a fourth), and two twelve-ton ladl^ stand- 
ing on platform scales, and arranged with worm-wheels to 
tip out the melted iron from the cupolas into spouts leading 
to the converters. This floor is connected with the convert- 
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ing-room by wide arches. An ample space is left upon it for 
getting at the converter bottoms. In one front comer of 
this floor is a building containing a five-feet Dimpfel fan for 
blowing the air and Spiegel furnaces, and a Ko. 6 Boot 
preaenre-blower for driving the cupolas. In the opposite 
front comer is a building containing a Blake crasher and a 
Bogardus mill for preparing fire materials. The two large 
spaces at the sides of the cupolas are occupied, the one by 
two reverheratory Spiegel furnaces, worked from behind and 
tapped in front, and the other by a large reverheratory melt- 
ing furnace similarly worked (with room left for another), 
capable of melting five-ton charges of iron for conversion. 
Wide gangways are left between all the furnaces. 

The blowing engine room is sixty-six by fi% feet ; the 
engine occupies a space of sixty by twenty-two feet, and 
consists of a pair of fifty-four-mch ah- cylinders, water 
Jacketed, a pair of forty-inch steam cylinders, five feet stroke, 
directly connected and horizontal, and a pair of eighteen by 
twenty-four-inch vertical au:-pumps, worked by bell cranks. 
The valve motion is the long slide with adjustable shde cut- 
off valve. The foundations are of heavy dressed stone, 
leaving a counterarched water-tight pit under and between 
the engines. Tlie air receiver is eighteen feet high by eight 
feet diameter. These engmes were built by Merrick & Sons, 
in Philadelphia, and are a strong and excellent job. 

The water supply for the whole works is from an unfaihng 
well, twelve feet in diameter, at one comer of the engine- 
room. A Worthington duplex pump, capable of throwing 
twelve hundred gaUons per minute, and arranged to connect 
with a ten-inch suction pipe from the river, when required, 
delivers the water tlirough a ten-inch main into an iron tank 
twenty feet in diameter and ton feet high, standing on an 
octagonal brick building twenty-one feet by eighteen and a 
half feet high, near the rail miU. The tanlt is covered, and is 
surrounded by a circular brick waU, with an air space be- 
tween. From the main, water is carried by imderground 
pipes to the pressure pump and to the feed pumps for the 
Gonveri^ing and rail mill boilers, to the machme and smith 
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shops, aiid to the office and hotel. The overtiow from the 
air-pumpe mus to a sliallow pond five hundred by two 
hundred feet, behind the rail mill, and when it is cooled rune 
back into the weU. The rail train pit and bosheB are drained 
to the pond. The pressure pump for driving the cranes is 
of the same size and make as that at Troy, and diecliarges 
into Ein accumulator which also acts as a regulator upon the 
steam valve. The feed-pump for the converting boilers is of 
the Henderson pattern. These pumps are in the blowing en- 
gine-room. The rail miU feed-pump ia a Worthington duplex. 
By means of . an underground connection, the fire hose 
(always connected) either in the Bessemer works or rail mill, 
and the cranes, and the boilers in either building, can be sup- 
phod from either one of the three last-named steam pumps. 

The converting boUera, seven in number, are fifty-four 
inches by tliirty feet, with two soventeen-uich return flues, 
and form a battery forty-eight by sixty feet in plan, with an 
ample space all around it. They are encloaod in brickwork, 
supported by iron staves. The blow-off pipes in the rear lead 
to the main sower. The water supply arrangement, safety 
apparatus, etc., ace very complete. The flues from the boilers 
lead to a brick stack one hundred and ten feet high by five 
and a half feet square within. A niuo-inch wrought-iron 
steam pipe runs underground, in an enclosed air space, from 
these boilers to the main steam pipe of tlie rail mill. 

Bail Mill. — The striking feature of this mill is its 

ample floor-space, and height. It is the only mill in fcliis 
country built specially for steel, and the arrangement and 
strength of machinery are designed accordingly. The fur- 
naces, eight in number (with room for more), are arranged in 
pairs, at one end and in one wing, with boilers over them, and 
sheet-iron chimneys outside the building. The furnaces do 
not front each otlier, and the smallest space in front of a 
furnace is twenty-one feet ; the mill is consequently cool. In 
the centre of the space between the furnaces and the rolls, 
there is ample room for piling ingots, and a hydraulic crane 
for unloading tliem from the converfcing-rooni ears, and load- 
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iug them on the furnace liuggies. The rail traiu is near the 
centre of the building, with the engine at one end, directly 
connected ; the saw carriage in the rear of it is arranged to 
receive rails from either of two sets of &iishing rolls. The 
hot bed, laid on posts and rollers, is forty-eight feet long, 
with a twenty-four feet table at one end and a straightening 
plate at the other. Beyond it is a ten-feet gangway, with a 
railway running from a turntable in the main siding to the 
other wing of the mill, in whidn there are two steam ham- 
mers. Beyond this gangway there is a cold bed seventy-two 
feet long, with a straightening press at one end and punching 
and drilling machines at the other. Outside of this end of 
the mill are tables for finished rails, ample yard room, and 
a siding with a twenty-five ton track scale, leading to the 
main siding. 

The furnaces and boiler setting are of the Fritz pattern, 
built by Matthews & Moore, in Philadelphia. The furnace- 
plates are corrugated, to prevent cracking by expansion. 
The boilers are thirty feet long by four and a half feet diam- 
eter, with two scventeen-inoh flues, twenty-one by twenty- 
four inch domes, and eighteen by twenty-one inch feed- 
chambers below. The flame pass^ through the flues and 
under the boiler, in the same direction. The boiler-setting 
18 similar to that in the Troy mill. The feed-pipes are 
wrought-iron, the main being five inches in diameter. The 
main steam-pipe is fourteen inches diameter, of wrought-iron, 
and the branches are five inches diameter, with S expansion- 
joints. A seven-inch wrought-iron feed-pipe connects the 
hammer boilers in the wing, with the otliers. All the steam- 
pipee are thoroughly lagged with paper, hay-rope, and 
plaster — a thorough non-ctmdnetor, and very inexpensive. 

The rail-train engine is of the Fritz pattern, vertical and 
non-condensing, and was bmlt by Pusoy, Jones & Co., at 
Wilmington, Del. The cylinder stands on four piers, bolted 
to a solid heavy bed-plate, twenty-four inches high. It is 
forty inch^ diameter by sixty inches stroke, and develops 
three hundred to flve hundred horse power at the different 
The cross-head is above the cylinder, and a forked 
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connecting-rod (thus very long) passes down both sides of it 
to the crank imdemeath. The valve-motion is the Fritz re- 
volving cam, with two double steam and two double exhaust 
puppet valves. The cut-off is performed by the regulator in 
the steam-pipe. The shaft journals are seventeen inches in 
diameter and thirty-six inches long.. The fly-wheel is thirty 
feet in diameter and weighs fifty-tliree tons. 

The rail-train is the heaviest in this country, and consists 
of four sets of three high twenty-three-inch rolls— one set 
for blooming ten-inch ingots, one for roughing, one for finish- 
ing, and one for either fiuiahing rails of another pattern or 
for rolling beams or blooms. AU parts of the train are 
stronger by some fi% per cent, than similar trains for iron. 
Each shoe stands on a foundation of heavy dressed stone, 
foui'fceen feet deep and four and a half feet thick at the bot- 
tom. This train has already run some three months on st^el 
rails, with remarkable smoothness. It was built by Mat- 
thews & Moore, in Philadelphia. 

The fan engine (fourteen by fifteen inches), fan and feed 
pump, stand near the main engine at one side of the main 
building. The fan was built by Morris, Tasker & Co., 
and is eight feet in diameter, by three feet nine inches 
face, and dehvers to an underground brick air-duct six feet 
deep by four feet wide, with sixteen inch branches to each 
pair of furnaces. The saw apparatus, and the straightening 
and ptmching machines, arc driven by separate engines, and 
were built by Matthews & Moore. There is no line-shafting 
in the mill. 

In the hammer-wing, before referred to, there is a five-ton 
Thwaites & Oarbutt vertical steam hammer with a forty-ton 
block, a fifteen-ton crane, and a heating furnace and boiler 
similar to the others described, and adapted to cogging ingots 
and to miscellaneous forging. There is also a one-and-a-half 
ton Morrison hammer by Sellers, with a two-ton crane and a 
similar heating furnace and boiler. This makes a very com- 
plete forgo, capable of working up all ingots of unsuitable 
size for rails, and of producing every class of forging, up to 
say ten inches. 
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The present products of tlieso works are steel rails, ham- 
mered and rolled blooms, and forgings. 



TEIE FRBMDOM IRON AND STEEL WORKS, 

at Lewistown, Pel, were the fourth Bessemer works started 
in this country, and are now producing steel forginga and 
ingots for rails. The Bessemer plant conaiste of a pair of 
five-ton converters and apparatus, on the English plan, and 
mostly built in England. The blowing engine is vortical, 
and was built by Messrs. I. P. Morris & Towne, in Philadel- 
phia. The iron is melted in cupolas. The works are equal 
in quality to the best in England. A very heavy plate miU, 
driven by a Eamsbottom reversing engine, is completed, and 
a rail mill and a crucible steel works are in progress. A 
tyre miU and eight hammers of different sizes are in opera- 
tion. The iron tyres and other products of the Freedom 
Iron Works are well known. The Company also runs four 
charcoal bls^t furnaces, and owns some forty-five thousand 
acres of woodland, and extensive mines of ore, much of wliich 
is suitable for Bessemer pig. 



THE CLEVELAND IIOLLING MILL COMPANY'S 

Bessemer Works, at Newburgh, six miles from Cleveland, 
Ohio, are nearly completed, and wiU. be running within a 
month. They are connected with the company's present fur- 
naces and rolling mills, and are situated between the lines of 
the Atlantic and Great Western and the Cleveland and Pitts- 
burg Railways. On both these hues, within sixty miles, are 
large deposits of bituminous coal, of various qualities. 
Cleveland is the principal outlet of the iron and ores of 
the Lake Superior region, most of which are well adapted to 
Besseraerizing. The best raw coal and coke irons in this 
country, are made within a circuit of seventy-five miles from 
the works. Eailway supplies for the West and Northwest, 
and lake and manufacturing machinery, are already famished 
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